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HARBURGER OEL- 
WERKE BRINCKMAN & MERGElS a 
c^'^^^'o jkommanditgesellschalt, of Sechafcn- 
t^K^ ¥\ ^^^"^ 90/West Gennany, do 
hereby declare the invention, for which we 

' A^^n^fh' H Pf^*^"\,f"^y ^ g^ted to us, and 
Ae method by which it is to be performed, 
to be parucularly described in and by the 
following statement: — 

This invention relates to a process for the 
conversion of sterols with free hydroxyl groups! 
so-caUed free sterols, contained in vegetable 
and animal oUs and fats, into their fatty acid 
estere by trans-esterification. The tjenn "fatty 
acid , as used herein, means a caiboxylic acid 
containing 2 to 26 carbon atoms. 

Vegetable and ammal ofls and fats contain, 
as natural ingredients, sterols which are pardy 
f^^li! ^ f»"»if^y bound form as fatty 
acid asters and pardy present in die free foiS^ 
^IL^A'^"" say with free hydroxyl groups 
Sf^^^ ^" are eith^ 

phytosterols or zoosterols. The most important 

wSIfr*" ^l*^ e™"P « chol^teroL 
phytosterols are sitosterols, 
sti^asterols, brassicasterol and campcsterol 
A further group consists of the mycosterols," 
r^r^t*^"^^ especially in fungi, yVasts and 
primitive plants; ergosterol is the most impor- 
tant ©cample. Very recendy, cholester<rf has 
also been found m various vegetable fats and 
oils so that the classification mentioned above 
is somewhat artificial. Some data on tyoicar 
sterol contents of the most important oils and 
fats are given below: 

'° processing edible oils 
and fats dieir sterols can undergo an undesired 
change, and that this above all affects die free 
sterols whilst changes in die sterol fatty acid 
estei^ occur only to a very slight extent, if at 
au. In die coui^e of the bleaching which is 
usually carried out in die couRe of refining' 
crude fats, activated fuller's earths, inter alil 
cause dehydration of free sterok and hence die 
lormation of secondary products. 
iPn'ce 3Sp] 



For example, in diis way, cholesterol yields 

^(-Sitasterol, stigmasterol and brassicasterol 

some polar and non- 
poUr secjMKfaiy compounds, which have yet to 
be identified aie also produced. During die 
*^ ^"'.^^ hydrogenation reaction 
can also lead to irreveisible side-reactions of 
SS-^"*'" ""f ^ production of un- 
w secondary products, such as cholestanol 
(dihydrodiolesterol), coprostanone, ccpro- 
stand and epicholestanoL 

In diis context it has already be proposed 
Zr^H^ ^'"^ con^ned iT^ 

and fats, pnor to hardening with known 
«tenfying agents such as Organic ma^ 
caitoxyhc acids, monocaiboxylic acid anhy- 
drides or monocarboxyUc acid chlorides (see 
Gennan OlTenlegungschrift No. 1,617.035^ 
^ advetse working conditions of this nJeth<4 
namely high ttanperatures, long reaction times 
and Ae corrosive properties of Ae esterifying 
agents or esterifying catalysts, mUitates against 
the use of this metfiod in practice 

It has been known for a long time that 
phytosterol and its esters display a strong 
hypocholesterolaemic action, that is to say a 
lowering of the level of cholesterol in the blood 
«• an uihibition of the formation of cholesterol 
in the blood, if diey are added to vegetable 
f L J?*"^^' ^ prerequisite for this effect is 
a hi^er content of such sterols than is usually 
to be encountered in namral oils and fats 
But at sterol contents exceeding about 0 5°/ 
oils do not ranain bright at room temperami^ 
but are dcudy, since diese sterols arrrathw 
sparingly soluble in oil. This decisively dimin- 

as salad oils, for the manufacmre of for 
example, mayonnaise. It has therefore been 
proposed to emplcqr for this purpose, instead 
of the free phytosterols, their fatty acid esters 
w*ich are readily soluble in oils at room tem- 90 
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peramre and which therefore make it possible 
for the oils to contain 0.5 to 10% by weight 
of sterols in the form of their esters (see, for 

5 t^^Pjl^'nx ^""^ Offenlegiingschrift No. 
3 2,035,069). According to this proposal, the 
requisite sterol esters are manufactured frwn 
frM stertrfs by esterification widi organic mono- 
caibosyhc acids after the free sterols have 
been isolated from oils or fats or odier natu- 
10 ral sources. Of course, diis mediod is rather 
mvolved and expensive. 

The puipose of die present invention is to 
protect free sterols contained in vegetable and 
an"?"* <Mls and fats against possible changes 
15 during pnxessuig in a simple and effective 
manner and equally to convert higher propor- 
tions of add^ free sterols into a readily soluble 
form. It has been found diat bodi requirements 
can be met by means of a modified form of 
£U the trans-esterificatton process. 

According to die present invention tiiere is 
provided a process for die conversion of free 
sterob, contained in vegetable and animal oils 
•»5 ff. corresponding fatty acid 

25 cstere by trans-estenfication in a homogeneous 
phase ana at elevated temperature, in die 
presence of alkali metal alcoholates or alkali 
metals as catalysts, which is characterised in 
that y^table and/or animal oils and fats 
M containing sterols are mixed with 1.0 n> 1 1 
equivalents, relative to dieir free sterol conteu 
of fatty acid esters of mon«Aydric alii*atic 
alcohols widi 1 to 4 carbon atoms an™ the 
mixture is subjected to trans-esterificatioa 
35 conditions, widi simultaneous removal <rf the 
monohydric alcohols liberated. It is to be 
undemwKl diai die fatty acid esters of die 
monohydric aliphatic alcohols can be derived 

40 S*^*" ^"''^ in the oU 

w or fat; as indicated above, diey contain 2 to 26 
carbon atoms in the ester moiety. 

The oils and fats treated according to die 
present invention can be used for die manu- 
facture of hardened (hydrogcnated) fats. The 

4S vegetable ods treated according to the inven- 
tion can also be used as salad oils, for die 
manufacture of mayonnaise and as a con- 
stituent of mixtures of fats for die manufac- 
ture of margarine. 

50 By die process according to die invention, 
free sterols contained in vegetable and animal 
oils and fats are substantiaUy quantitativelv 
converted into dieir fatty acid esters, inde- 

« fh^ftAi ^ ^'^^ '^'"^ "sonant, so 
55 that added free sterols are also included in die 
rcacQon. In contrast, in die customary trans- 
Bterification of edible fats which, as is known, 
is carried out widiout additives, apart from 
cataljjiK, free sterols are only ^rtiX 
1 verted into dieir fatly acid Jt^Tl Ziti^. 
ar advantage of die process of diis invention, 
which produces above all higher contents of 
tree sterols, is diat die products of die pro- 
cesses are practically free of partial glyceri^ 
especiaUy diglycerides, which are pr^cedto 
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an amount equivalent to die free sterol content 
If fatty acid monoesters are not used, diat is to 
saw in die customary trans-esterification of 
edible fats; oils and fats containing partial 

^Z^f^ ^ disadvantageous 70 

properties for various end uses. 

The fatty add monooesters required for die 

process according to die invention can readily 

be obtained by alcoholysis of oils and fats or 

eLnol"^'^'"'" f ''"Z medianol, 75 

edianol, propanols or butanols. If die mono- 

S^Sn'TJfP''"'?'? V> oil or fat" 
treated (esters of tiieir total fatly acids) are 
used die fatty acid spectra of ^e partii Jar 
startmg matenal and of die product of &e 80 
process remain die same. Of coursL mo^ 
esters of individual fatty adds or fat^ acM 
rd*^n t exposition 'ciX"'£ 

tion 1 mJ?*'Jf*^'^ according to die inven- 
tion, 1 mol of free sterol or sterol mixture is 85 

o? fa^'^acid L 

or tatty acid monoester mixwre, frtim which 
the proportions of fatty add monoester to £ 
added can easily be calculated. 
Jn/if,?"^^ oils and fats to be treated accord- 90 
mg to die invention are generally fiist freed of 

^^'^ '^'^<^' in the usu^ 
carrying out die process accord- 
ing to die invaition, di» product may tiien be 
^'^^y^hedwid ^ter to reJiove tte 95 
cataiys^ treated witi: small amounts Cfe 

S-^ V^ ^'^^'^ °' activa^ fullS 
eardi and subsequendy deodorised. Excess 
a«d monoester is geSly 
^h7« ^- •'ewlorising prtKess^ In dls 100 
and fats whidi are subsequendy to be hydro- 

^^^'i '"S ^ deodorising 
earned out after hardening. e « 

The proceM according to die piesent inven- 

I^ll^J ^t.'if" ^ «^c«ated and whidi are 
provided widi heating and cooling devices and 
£r in'^^T'''^ ^'^•"SS. induding a comiectira 
for introducing nitrogen. After introducing die 
oil or fat whidi is to be processed, anl die 110 
faoy acid monoester, optionaUy after addition 

finally distributed (generally about 02°/ bv 
weight of ^kali metal alcoholate or 0^02y 
by weight of alkali metal), is introduced vi± 1 15 
the stirrer rumung and diereafter die mfat^ 
i° 90-160°C, preferably t^n^ 
iZi C, whilst evacuating it down to a final 
vacuum of less dian 20 mm Hg. At die saSfe 

uZ^tL'L^"^ I^'^S^" « introduced 120 
until &e process is complete in order to accele- 

lA^a^ I'^T^ °^ monohydric alcohol 
in^!^ ^^''^ ^° accelerate die reaction 

and fats. Greater amounts of added sterol 
require longer reaction times, up to a genera 
Z'^^J * The pr^ess can aI?o 

c^ti^S. °" or semi- 
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The free sterols are predpitaiEd from their 
sduQons as digitonides by means of digitonin, 
bm the sli^test changes in structure aniul tiS 
S ^i^^^^'^^' q'>a«t»tative detenninatioD 

Ae difference between which the cheiAically 
bound sterol can be calculated, can be used 
for analytical control of the process and of te 
10 ?'±f5i"^«*^^~«'««™infi*e total stW^ 
?^ Jl? 'J^'*** should be 
^S^^^'i '"Saponified matter ^ 
tracted from die soap solution by means of 
edier or petroleum ether. The sterols, which 
are now all present in Ae free foim, are Am 
15 precipuated from die solution of tite ^ 
saponifiable matter, dius obtained, by means 
of digitomn (suitably as a solution), and are 
s^arated off and weighed. To dct^tac ^ 
70 l"^ content an aliquot portion of the 

20 fat IS dissolved widiout saponification and a 
digitonin soluaon is added. Only die fcee 
sterols contained in the fat sample are ^ 
cipitated in tfiis way and these are ^n 
•»5 described above. The difference in 

-3 the two determmations gives the amount of 
cWcally bound sterols (sterols in die ester 
A ^ u • ^*"s procedure is based on 

Ho 2^ ^- »««termann and ttOpiS 

in ^^^"^ Lebensmittelchemie (pSod- 

30 ^ Chemistry Handbook), BerUn 1969, 
Spnnger Verlag, Vdume IV: Fats and 
Lipoids, page 781. Of couree, thin layer 
dhromatography mediods can also be used: 
flus also aUows die detection of possible de- 
composmon products of sterols which can 
form dunng die processing described. The 
parual glycendes can be tested by die DGF 
standard mediod C-V17 (Wissenschafdiche 

w dmany diglycende content can be calculated 
. me imcess according to die invention is 
m muuapte applicable to aU oils and fats 
which can be processed industriaUy; it 
rasures reliable protection against changes in 
« the sterols, bodi due to bleaching and harden- 
ing m die course of processing, and during use. 
In dus context, autoxidative change^ to which 
free sterols are known to be more prone than 
Aeir esters, should be mentioned particularly. 
50 Fats which have been pretreated accordii^ 
to the processes of this invention, bleached and 
hardened can be used as cooking fats, frying 
fats and bakmg fats (shortenings) and f or 
manufacmre of margarine. An enrichment widi 
33 free sterols, and dieir subsequent conversion 
mto fatty acid esters, is particularly useful for 
vegetable ods, such as soya oil. sunflower oU 
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mmze oU and rape oil. Widi contents of up to 

esters, tiiese oils retain a bri^t appearancelt 60 

oih and oils for frying chips, for the mara^ 
facture of mayonnaise and as constituenHf 
marganne fat mncturcs, for example. The& 
advantages are attribumble to die s^ilityrf 65 
the sterol esters contained in diem and dtetT 
fore relate primarily to dKiTiSriS 
physiological properties. 

th™ Examples funlier iUustraic 

the present invention. 



EXAMPLE 1 

nil^£°? 2 P°"'°™'. °f (Peruvian) fish oil, soya 
oil or sunflower oil, which had been freed of 
slime de-acdified and dried, were heaJS wiS 
approximately 1.05 times die stoichiomettic 75 
amount of the methyl ester of tiieir toS^K 
acids calculated relative to die content of frw 
sterols, and with 0.2% bv weiVhr «f JTj- 
methylate (in die formV/pa^'te S'^? 
under a vacuum of 5 mm Hg wh le sQ-n-ing 80 
TTie mixture was kept for 2 hours at nZ t^l ^ 
pereture whilst passing a slow stream of p^e 
90-0^":^ cool J to 

of dferin!f*^ *^ 1/4 i portion 

of distilled TOter to remove die ratalyS,driS 85 
tn vacuo and treated widi 0.5% by weiAt 
of acnvat^ fuller's eanh for 20 4iSL iKr 
filtering off die fuUer-s earth, die pro^cfv^ 

^ «n the usual manner. on 
The products of die process were dien 
hydrogenated at 180°C in autoclaveT^iW^ 
mckel-kieselguhr catalyst in an anJoui^T of 
0 2% by weight of nickel based on die wSght 
were'obte^ed".^^'^ "^'^-^ P«>^ ^►^C 95 

For comparison purposes, identical amounts 
of the jMie oils which had been freed of sltof 
de-acidified and dried were bleach«L d^' 
odorised and hydrogenated. in die same mS: ,oo 

,rfSf ^IP^pn^ of fatty acid mediyl esters 

a^^SftMJL" whKhthe symbols denote: 
a; oil which has been freed of slime rii. .np 
acjdified and dried (starting mattriaT)^ 

rJ^J? "^i?^ transHbterified 
(treated according to die invention) witii fatty 

r^'!if•l•^?• •i**"*'^'' deodoriser 
anl^d'ro^^^ "^"^ - ^ ^) |,0 

d) bleached, deodorised ml; 

e) hydrogenated oil. 
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mg of steroJs in 100 g. 





total 


free 


chemically 
bound 


Lard 


75-125 


75-125 


0-1 


Suet 


75 


72 


3 


Peruvian fish oil 


340 


170 


170 


Cod liver oil 


515 


272 


243 


Coconut oil 


80 


63 


17 


Soya oil 


320 


210 


110 


Sunflower oil 


330 


200 


130 


Groundnut oil 


250 


195 


55 


Rape oil 


345 


50 


295 


TABLE 



Type of oil 
Fish oil 



Fatty acid 
ester in % by 
weight 



0,15 
0.15 



Soya bil. 



0.20 
0.20 



Sunflower oil 



0.20 
0.20 



Type of 
treatment 


mg of sterols in 100 g 
^ . ^ chemically 
'^'^^l free bound 


a) 


345 


^5 


170 


b) 


342 


2 


340 


c) 


340 


2 


338 


d) 


132 


12 


120 


e) 


250 


88 


162 


a) 


325 


205 


120 


b) 


321 


1 


320 


c) 


309 


1 


310 


d) 


160 


45 


115 


e) 


233 


118 


115 


a) 


325 


195 


130 


b) 


320 


1 


320 


c) 


305 


1 


304 


d) 


220 


102 


118 


e) 


248 


116 


122 
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The hydraxyl numbers of all die products 
had a value of around 1, which corxesponds 
to a content of about 1% by weig|it dl di- 
glycerides. 

5 Accordingly, die treatment according to the 
invention, of the oils has resulted in their free 
sterds being convened almost completely into 
the corresponding esters. The experiments also 
show that the contents of chemically bound 

10 sterols (sterol esters) are only reduced 
slightly by bleaching and hydrogenation and 
hence no structural change whatever has taken 
place. In contrast, the contents, especially of 
free sterols, of the oils which have not been 

15 so treated have decreased substantially during 
further processing, which is presimiably. 
largely attributable to structural changes. 

EXAMPLE 2. 
50 g of j3-sitosterol (pure, commercially 

20 available product) and 42 g of sunflower oil 
fatty acid ethyl ester, corresponding to 1.1 
times the calculated stoichiometric amoimt, 
were dissolved, with wanning, in 1,000 g of 
sunflower oil which had been freed of slime, 

25 de-acidified, dried and freed of wax. The mix- 
ture was then trans-esterified imder the con- 
ditions of Example 1, extending the reaction 
time to 6 hours.. After eluting the catalyst, 
drying and deodorising, a li^t yellow oil was 

30 obtainedj which after winterising, that is to 
say after removing the triglycerides which 
separated out at 5 to y'C and which were 
practically free of sterol esters> remained 
bright on storage in a refrigerator. 100 g of 
the oil contained 4.84 g of total sterds and 
4.82 g of chemically bound sterols in the form 
of their esters, corresponding ahnost precisely 
to the theoreucally calculated amount. The 
hydroxyl number of the oil was 0.8, corre- 

40 spending to a calculated 0.7% by weight of 
djglycerides. 

A mixture of soya oil with 9.8% by weight 
of cholesterol and 8.0% by weight of soya oil 
fatty acid ethyl ester was treated in the same 

45 manner. The oil contained 10.1% by wei^t 
of cholesterol bound as the ester, was prac- 
tically free of diglycerides and after winteris- 
ing remained bright on storage in a nfrig^ 
rator. 



WHAT WE CLAIM IS;— 50 
1. Process for die conversion of free sterols 
contamed in a vegetable or animal oil or fat, 
mto their corresponding fatty add esters which 
comprises adding to die vegetaWe or animal 
oU or fat 1.0 to 1.1 equivalents, based on dieir 55 
tree sterol content, of a fatty acid ester of a 
monohydric aliphadc alct^ol with 1 to 4 carbon 
atoms and transesterifying the mixture at ele- 
vated temperature in die presence of an alkali 
meml alccAolate or alkali metal as catalyst, 60 
wiA simultaneous removal of the monohydric 
alcohol liberated. 

2. Process according to claim 1 in which 
free sterol is added to die vegetable or animal 

oil or fat before the transesterificadon. 65 

3. Process according to claim 1 or 2 in 
which the fatty acid ester added is derived 
from the same fatty acid as present in the 
vegetable or animal oil or fat. 

4. Process according to any one of daims 1 70 
to 3 in which the transesterificadon is carried 

out at a temperature from 90° to 160*C., 
reducing the pressure to below 20 mm./Hg. ' 

5. Process according to any one of the pre- 
ceding claims in which the vegetable or animal 75 
OU or fat is fish oil, soya oil or sunflower oii. 

6. Process according to any one of the pre- 
ceding claims in whid* 'he catalyst is sodium 
methylate. 

7. Process according to claim 1 substan- 80 
tially as hereinbefore described. 

8. Process according to claim 1 substan- 
tially as described in Example 1 or 2. 

9. A vegetable or animal oil or fat in which 

me free sterol present has been converted 85 
mto their fatty acid esters by a process as 
claimed in any one of die preceding claims. 

10. Process for making a hardened fat 
which comprises hydrogenating a vegetable or 
animal oil or fat as claimed in claim 9. 90 

11. Process for making margarine which 
comprises incorporating with die mixtures of 
fats a vegetable oil as claimed in claim 9. 
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